Plasmid-like DNA (plDNA) was found in 10 out of 61 field isolates of Fusarium oxysporum. These 10 isolates were distributed among 6 formae speciales. Electron microscopic analysis revealed that all these plDNAs were linear molecules. The sizes of plDNAs found were varied from 1.9 to 8.0kb. The sequence homology among four 1.9kb plDNAs, pFOA, pFOL, pFOC and pFOR found in four different F. oxysporum formae speciales was examined by Southern blot analysis, using nick-translated plDNAs as probes. Considerable sequence homology was observed among pFOA, pFOL and pFOC DNA, but pFOR had no homology with three other 1.9kb plasmid DNAs. pFOM and pFOB DNAs of the sizes of 8.0 and 2.2kb, respectively, had no sequence homology with four plDNAs of 1.9kb.
INTRODUCTION
The phytopathogenic fungus, Fusarium oxysporum has a wide host range causing plant diseases in some 100 plant species. Pathogenicity of F. oxysporum has been categorized into the formae speciales based on the host species15). Recently, the genetic relatedness among individual strain in F. oxysporum has been examined through comparisons of restriction fragment length polymorphism (RFLPs) in nuclear, mitochondrial or plasmid DNA6-8), and DNA-DNA reassociation kinetics10). Kistler and Leong6) have been found three unique linear mitochondrial plasmid like DNAs (plDNAs) in F. oxysporum from crucifers and correlated with formae speciales. Linear mitochondrial plasmids have been detected in a wide variety of phytopathogenic fungi2,12). We have showed that the linear plDNAs were found in 48 out of 114 field isolates of Rhizoctonia solani and considerable sequence homology was observed among isolates of the same AG and ISG of various R. solani by Southern hybridization analysis13).
In this report we describe the properties of plDNAs found in 10 isolates from 6 formae speciales of F. oxysporum isolates from various plants in Japan.
MATERIALS AND METHODS
Fungal isolates. Fungal isolates used in this study (Table 1) were maintained on potato/ sucrose agar medium at ambient laboratory temperature. Cultures for DNA extraction were grown to the procedure of Hirt (1967 
RESULTS
Detection of plDNA by agarose gel electrophoresis Total DNA was extracted from 61 field isolates of F. oxysporum (Table 1) , and purified by CsCl density-gradient centrifugation. These DNA samples were subjected to agarose gel electrophoresis.
plDNA bands were obtained in 10 isolates (Table 1) , which were distributed among the 6 formae speciales as follows: f. sp. batatas, f. sp. melongenae, f. sp. conglutinans, f. sp. lini, f. sp. arctii and f. sp.
raphani. The size of the plDNAs detected varied from 1.9 to 8.0kb. The plDNAs found in the isolates of 4 formae speciales, f. sp. congultinans, f. sp. raphani, f. sp. arctii and f. sp. lini had the same size, 1.9kb (Table 1 , Fig. 1 ). The plDNAs found in the isolates of 2 formae speciales, f. sp. batatas and f. sp. melongenae, were 8.0 and 2.2kb, respectively ( Table 1 , Fig. 1 ). Structure of plDNAs The plDNAs of representative isolates from six formae speciales of F. oxysporum were separated from agarose gel and subjected to electron microscopy. All the plDNAs examined consisted of linear DNA molecules, and no circular molecules (Fig. 2) . The sizes of the DNAs estimated by measuring the lengths of linear plDNA molecules under the electron microscope were in close agreement with those estimated on the basis of mobility on agarose gel.
Restriction mapping of 1.9kb plDNAs found in various F. oxysporum isolates Restriction maps of the 1.9kb plDNAs were constructed by using different enzyme (Fig. 3) . The plDNA found in the isolate of f. sp. lini digested with BglII generated five bands and the sum of the sizes of these bands was two times as large as the size of non-digested plDNA. This indicates that the plDNA contains two kinds of plDNAs which have exactly the same size of 1.9kb (Fig. 3) . These plDNAs were designated pFOL-1 and pFOL-2. Distribution of restriction sites differed among the five plasmid DNAs. The pFOL-1 DNA was cleaved by BglII into 1.75kb and 0.15kb bands, and pFOL-2 DNA was cleaved by BglII into 1.4, 0.3, and 0.2kb bands. The plDNA found in the isolate of f. sp. arctii had no BglII site.
The plDNAs found in the isolates of f. sp. congultinans and f. sp. raphani had different distriction of BglII and EcoRI sites. plDNAs among the 5 formae speciales, f. sp. melongenae, f. sp. conglutinans, f. sp. arctii, f. sp. batatas, and f. sp. raphani were designated pFOM, pFOC, pFOA, pFOB and pFOR, respectively.
Sequence homology among plDNAs found in various F. oxysporum isolates 1.9kb plDNAs obtained from different isolates of F. oxysporum had different restriction endonuclease maps. To determine whether these plDNAs had sequence homology, a Southern hybridization analysis was done. The entire lengths of 1.9kb plDNAs obtained from 4 representative isolates, SUF1070, SUF402, SUF1059 and SUF1312 were nick-translated and used as hybridization probes.
Examples of the resulting autoradiographs are shown in Fig. 4 . Considerable sequence homology was observed among pFOA, pFOL and pFOC. The pFOR did not hybridize with the probes of pFOA, pFOL, and pFOC. The pFOL-1 and pFOL-2 obtained from the same isolate hybridized each other. The probes of pFOA, pFOL, pFOC and pFOR had no sequences homologous to pFOM and pFOB. about one-sixth of the isolates contained plDNA. The percentage of isolates carring plDNAs in F. oxysporum (16%) is lower than that reported in R. solani in which linear plDNAs were found in 42% of field isolates distributed among different anastomosis groups and intraspecific groups13).
But, when mitochondrial
DNAs fractionated on CsCl-bisbenzimide density-gradients were examined, all 15 isolates of AG-4 in R. solani contained plDNAs1). This results may be showed that all isolates of F. oxysporum contained plDNAs and the plDNAs still found in the mitochondria . Our preliminary work5) showed that after DNase treatment of intact mitochondria, the plDNAs proved resistant indicating their mitochondrial location. Linear plDNAs obtained from f. sp. congultinans, raphani, arctii and lini, had the same size, 1.9kb as estimated on agarose gel and by electron microscopy. Subsequent restriction mapping showed that distribution of restriction sites differed among the four plDNAs of 1.9kb and that one of these plDNAs, pFOL, actually consisted of two species of plDNAs pFOL-1 and pFOL-2. This suggests that different species of plDNAs may be well involved in the same isolate of F. oxysporum. In R. solani, the existence of three linear plDNAs were found in one isolate . These plDNAs had exactly same size, but different restriction maps14). Although distribution of restriction sites differed among the three plDNAs, nucleotide sequencing of the plDNAs supported the presence of homologous regions16). The presence of three 1.9kb plDNAs designated pFOXC1, pFOXC2 and pFOXC3, has been reported in F. oxysporum formae speciales conglutinans, raphani and mattiori, respectively6,7). These plasmids were correlated with different pathogenicity that attack crucifers. No sequence homology could be detected between pFOXC1 and pFOXC2, but pFOXC2 and pFOXC3 showed distinct sequence homology.
We showed by hybridization analysis that pFOC, pFOL and pFOA have considerable sequence homology among each other, but not with pFOR, pFOM and pFOB. Both pFOC and pFOXC1 obtained from f. sp. conglutinans had essentially same restriction endonuclease map, and similarly both pFOR and pFOXC2 obtained from f. sp. raphani had the same maps (Fig. 3)6,7) . Judging all these data, it may be assumed that pFOC and pFOR correspond to pFOXC1 and pFOXC2, respectively described by Kistler and Leong6). The sequence homology among 1.9kb plDNAs of F. oxysporum reported in this paper and by Kistler and Leong6) and Kistler et al.7) has been summarized in Fig. 5 .
